We compared allozymes at 12 loci in 12 populations of six species of Meretrix: M. lusoria ( Japan, Korea, and Taiwan), M. petechialis (China and Korea), M. ovum (Thailand and Mozambique), M. lyrata (China), M. lamarckii ( Japan), and Meretrix sp. A (Okinawa, Japan). Our allozyme results were generally consistent with the major groupings currently recognized within the genus based on morphological characters. However, we found two cryptic or undescribed species: Meretrix sp. A from Okinawa and M. cf. lusoria from Taiwan. The shell characters of Meretrix sp. A were similar to those of M. lamarckii, but the species was genetically distinct (Nei's genetic distance D > 0.845) from all other species examined. The Taiwanese Meretrix population was morphologically indistinguishable from Japanese M. lusoria, although the genetic distance between the Taiwanese and Japanese populations showed a high degree of genetic differentiation (D > 0.386). Meretrix lusoria seedlings were introduced into Taiwan from Japan in the 1920s, and Japanese M. lusoria was previously thought to be established as a cultured stock. However, our results suggest that the Taiwanese population may represent a sibling or cryptic species of M. lusoria.
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Asian hard clams, genus Meretrix (Veneridae), are commercially important bivalves in East and Southeast Asia and East Africa (Yoosukh and Matsukuma 2001 (Kanamaru 1932 , Charpentier et al. 2004 ). Because of the economic importance of Meretrix, previous work has focused mainly on its aquaculture (Yoshida 1941 , Wu and Liu 1992 , Tuan and Phung 1998 , organotin compounds (Midorikawa et al. 2004 , Harino et al. 2006 , and shellfish poisoning (Nguyen et al. 2006 ). Seedlings of a few Meretrix species are mass-produced, and nearly all hard clams in Taiwanese markets are cultured (Wu and Liu 1989) .
Past taxonomic studies of Meretrix considered only shell morphology (Fischer-Piette and Fischer 1940 -1941 , Yoosukh and Matsukuma 2001 , although shell shape and color patterns often show marked intraspecific variability (Hamai 1934 , 1935 , Kosuge 2006 . Systematic descriptions of Meretrix species are often confusing, and the specific name M. meretrix has apparently been used for various species (Yoosukh and Matsukuma 2001) . Moreover, the shell form and color of M. lusoria and M. petechialis are very similar, leading to many erroneous identifications and notations in shell books, reports, and references.
Mitochondrial DNA (mtDNA) has been widely studied in several groups of animals, mainly for taxonomic and phylogenetic purposes. The advantages of using mtDNA include its simple maternal inheritance, absence of recombination, and high substitution rates (Wolstenholme 1992) . However, a very high level of gender-associated mtDNA heteroplasmy has been detected in a few bivalve mollusks of the families Mytilidae, Unioidae, and Veneridae (Hoeh et al. 1996 , Liu et al. 1996 , Beagley et al. 1997 , Passamonti and Scali 2001 . Thus, the use of mtDNA to estimate evolutionary relationships in bivalves requires great care. Furthermore, the number of loci available for mtDNA analysis is limited. In contrast, allozyme analysis can include a number of loci coded in nuclear DNA simultaneously. Allozyme analysis remains an effective molecular tool with which to investigate phylogenetic relationships and has been much used in phylogenetic and population genetic studies of mollusks (Benzie and Williams 1998 , Marins and Levy 1999 , Ríos et al. 2002 , Inness-Campbell et al. 2003 , Väinö lä 2003 , Martínez et al. 2005 , Zaslavskaya 2006 .
Despite the economic importance of Meretrix, few phylogenetic and population genetic studies of the genus have been undertaken. Molecular techniques can aid in understanding the taxonomy and relationships within this genus. Therefore, we investigated the genetic relationships among (32) and Shimane (32), Japan (MlaJ-M and MlaJ-S, respectively); and Meretrix sp. A from Okinawa, Japan (23) (MspJ-O). The foot muscle and hepatopancreas were dissected from fresh specimens and immediately frozen at À40 C.
Allozyme Electrophoresis
Horizontal starch-gel electrophoresis was carried out based on the methods of Harris and Hopkinson (1976) and May et al. (1979) . Tissue fragments were homogenized with sterilized distilled water. Hydrolyzed starch gels (12.5%) were run at constant voltage. A total of 12 loci from 12 enzymes that showed adequate activity and resolution were routinely examined (Table 1) . Terminology and notation of the allozymes were based on recommendations by Shaklee et al. (1990) . Two buffer systems were assessed: the Tris-citrate pH 7.0 buffer system (CT-7; gel:buffer dilution 1:10) was run at 250 V for 5 hr for six enzymes, and the citrate-N-(3-aminopropyl) morphoine pH 6.0 buffer system (CAPM-6; gel:buffer dilution 1:4) was run at 250 V for 9 hr for six enzymes. All zymograms were visualized using enzyme-specific stains following recipes in Numachi (1989) . Alleles at each locus were labeled alphabetically in order of the relative electrophoretic mobility of the allozymes.
Data Analysis
Genotype and allele frequencies for the 12 loci were determined for all local samples. Genotype frequencies at polymorphic loci were examined for agreement with the expectations of Hardy-Weinberg equilibrium using a chi-square test. The mean biased estimate of expected heterozygosity (H e ), mean observed heterozygosity (H o ), and percentage of polymorphic loci (P) within samples, as well as Nei's (1978) unbiased measures of genetic identity (I ) and genetic distance (D) between samples, were calculated using POP-GENE v. 1.32 (Yeh et al. 1999) . The unweighted paired group method of cluster analysis (UPGMA [Sokal and Sneath 1963] ) was used to construct a phylogenetic tree.
results Allele frequencies at the 12 polymorphic loci and average measures of genetic variation of all samples are presented in Table 2 . The levels of genetic variation differed considerably among the samples, with average expected heterozygosity (He) varying from 0.090 to 0.375 (Table 2) . Several interspecific diagnostic alleles were observed: allele F and G at the ACO locus in M. ovum, allele A at the GPI locus in M. lyrata, the combination of allele A and C at the MDH-2 locus and allele B and C at the SOD-2 locus in M. lamarckii, and the combination of allele A at the IDH locus and allele C at the MDH-2 locus in Meretrix sp. A (Table 2) . However, no diagnostic alleles were observed for M. lusoria, M. cf. lusoria, or M. petechialis.
Unbiased genetic identities (I ) (Nei 1978 ) between taxa varied from 0.162 between MluJ-A and MoT to 0.850 between McfK and MpK (Table 3) . Genetic identities between separated conspecific populations within taxa were 0.970 (MluJ-M and MluJ-A), 0.976 (MpC and MpK), 0.818 (MoT and MoM), and 0.949 (MlaJ-S and MlaJ-O). Intraspecific identities were generally higher than interspecific identities (Figure 1 ). However, two modes of interspecific genetic identity were clear: 0.25-0.3 and 0.8-0.85. The genetic identities between M. lusoria, M. cf. lusoria, and M. petechialis were quite high, averaging 0.783, indicating that these species are closely related.
Nei's unbiased genetic distance (D) between taxa ranged from 0.163 between McfK and MpK to 1.819 between MluJ-A and MoT (Table 3 ). The lowest D for all pairwise population comparisons were within taxa: 0.030 between MluJ-M and MluJ-A, 0.025 between Because this species does not, to our knowledge, morphologically or genetically match any other known species, it may be an undescribed Meretrix species.
Meretrix lusoria seedlings were introduced to Taiwan from Japan in 1925 and have spread widely in many sandy beaches and estuaries on the west coast of Taiwan (Chen 1984, Chien and Hsu 2006) . Hard-clam aquaculture expanded rapidly, with the percentage of aquaculture-produced clams on the market reaching 98.8% in 1986 (Wu and Liu 1989) . Introduced Japanese M. lusoria was assumed to have been established as a cultured stock in Taiwan, and cultured hard clams were thought to be an introduced species. However, the Taiwanese population (McfT) shows a high degree of differentiation (D > 0.395 [ Table 3 ]) from Japanese M. lusoria populations (MluJ-M and MluJ-A [ Figure  2] ). At the AAT-2, GAPDH, GPI, and Me loci, Japanese M. lusoria populations and Taiwanese M. cf. lusoria showed limited allele frequency overlap (3-50% [ Table 2 and Figure 3] ). This suggests that McfT and M. lusoria may be different species. The shell morphology and coloration of M. lusoria and the Taiwanese population (McfT) do not differ clearly, suggesting that the Taiwanese population may be a cryptic species of M. lusoria. Our results suggest that a local Taiwanese Meretrix existed before the introduction of Japanese M. lusoria in 1925 and that Japanese M. lusoria might have failed to survive as a cultured stock because of habitat or climate differences.
Within the genus Meretrix, M. lusoria and M. petechialis were the most closely related, with small genetic distances (D < 0.316 [Table 3] ). In line with this genetic closeness, M. lusoria and M. petechialis are similar in morphological characters and are occasionally confused in illustrated books and references.
Some Korean M. cf. lusoria (McfK) individuals showed morphological characteristics of both M. lusoria and M. petechialis. Nevertheless, our genetic data indicate that Korean McfK belongs to M. lusoria. In the Asian continent, the habitat of M. lusoria is limited to the southern part of the Korean Peninsula (Yamashita et al. 2004) , whereas M. petechialis occurs from the west coast of the Korean Peninsula to southern China and Vietnam. The habitat preferences of M. lusoria and M. petechialis appear very similar: both occur in sandy and muddy tidal flats in estuarine environments of inland seas. In South Korea, the natural distribution of M. lusoria and M. petechialis is allopatric, which probably maintains reproductive isolation between these two species.
In Japan, M. petechialis seedlings imported from the Asian continent have been released into the natural habitat of M. lusoria since the 1990s ( Japanese Ministry of the Environment 2005) . If the reproductive isolation of M. lusoria and M. petechialis was not complete, hybridization between these two species could occur because of the artificial sympatric distribution in Japan. Kawase (2002) claimed that hybrids between the local M. lusoria and introduced M. petechialis, diagnosed by morphological characters, were found in Aichi Prefecture, Japan. Further investigation using DNA is needed to confirm the existence of hybrid individuals.
We analyzed two unknown Meretrix species (i.e., McfT and MspJ-O) in addition to five of the nine described species (i.e., M. lusoria, M. petechialis, M. ovum, M. lyrata, and M. lamarckii). Future combined morphological and genetic investigations may reveal additional undescribed Meretrix species.
Meretrix species are distributed broadly in the West Pacific, Asia, and the Indian Ocean. The center of origin of Meretrix seems to be located in the Indo-Malayan subregion of the Indo-West Pacific. Meretrix ovum is widely distributed compared with other Meretrix species: it inhabits muddy bottoms from the Mekong River in Vietnam and Gulf of Thailand (Yoosukh and Matsukuma 2001) to Mozambique. We hypothesize that the ancestral species of Meretrix may be closely related to M. ovum and may have dispersed in two directions (i.e., west and northeast) from the Indo-Malayan subregion by means of larval dispersal along strong ocean currents. During the process of spreading, the ancestral species may have diverged into two major types (i.e., mud-flat species in estuarine environments and sandy-beach species in open sea areas). Further studies that include the species not examined here and use genetic sequence data,
